porary ponds where water was available only after heavy rains (Fig. 1) . Most of the range consists of gentle slopes ranging in elevation from 3,700 feet to 4,300 feet. The surface soils are mostly sandy loams and are relatively free of rock, except on steep slopes.
Average annual precipitation ranges approximately from 13 to 15 inches.
Rains in July and August produce most of the year's forage (Culley, 1943) .
Average July-August rainfall during the study was 6.12 inches; average stocking was 10.0 animal units per section, and the average utilization for the pasture was 52 percent ( in forage yield. The water-rotation schedule provided that only one of the five waters would be open at a time, and that no water would be open during the growing season more often than 1 year out of 3.
Block salt was placed at the open water to concentrate grazing near that water and to help keep cattle away from the closed waters. This was done to meet peculiar requirements of the study. Salting at water is not recommended. (1) crown intercept of shrubs and basal intercept of perennial grasses measured each fall (Canfield, 1942) , (2) utilization around each transect estimated by the grazed-plant-count method each June (Roach, 1949) , and (3) ocular estimates of forage yield each fall on five permanent plots (1 foot by 9.6 feet) at each transect, and one temporary plot at each transect that was estimated and clipped to provide regression data for adjusting the ocular estimates and herbage samples for moisture determinations.
Changes in vegetation near the part-time (periodically open) waters were evaluated by comparing average measurements for the first 3 years (1959-61) with those of the final 3 years .
The main effects in the analysis of variance were two periods, five waters, and five distances from water, with one replication within each three-way combination.
The analysis of differences in vegetation at water Pl between (1) transects on the adjacent range, where water was open yearlong, and (2) transects on the study range, where water was open part-time, included the data for each year.
Line intercept data for the study range as a whole were obtained from 20 randomly located permanent line transects, all 1/ mile or more from water.
Herbage production and utilization data for adjusting stocking were obtained from 10 paced transects that were 1/ to 1 mile from water, and were rerun in the same locations each year.
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Results
Cattle Responses
Cattle soon adapted to the rotation system. Water P3, at the south end of the unit, was open when the study started. During the first few weeks, calves weaned from pastures to the north and west drifted to the north end of the range several times and stayed around water Pl until driven away (Fig. 1) . Cattle did not have to be driven away from the closed waters after the first year. Opening and closing waters forced the cattle to follow a rotation system of grazing with little extra cost for labor or improvements.
Differences Within the Study Range
Basal cover and herbage yield of perennial grasses were lower and utilization was higher near water than on transects l/a mile or more from water, both at the beginning and end of the study. Utilization .-Average utilization of perennial grasses from 1960 to 1966 was 9 percent higher near water than for areas l/z mile or more from water (61% vs. 52%).
Utilization of perennial grasses 100 to 500 yards from water varied with:
( 1) perennial grass production, and (2) topography. Utilization near water was highest following years of low grass production, and lowest following years of high grass production. Utilization decreased 1.36% for each 10 lb/acre increase in perennial grass production near water and, on the average, varied from 74% with 10 lb/acre to 48% with 200.
Some differences in utilization between transects near water were associated with differences in species composition.
For example, transects with a high component of black grama were used less heavily than transects dominated by Arizona cottontop and Santa Rita three-awn.
The cause-and-effect relationship between species composition and current utilization was not clear, however, because both were affected by differences in soil, accessibility, and past use.
Utilization of different species within 500 yards of water was not consistently related to their abundance (r = 0.01). For example, plains bristlegrass (Setaria macrostachya H.B.K.) and side-oats grama (Bouteloua cwrtipendula (Michx.) Torr.) each made up 2% of the total perennial grass production in 1966, but average utilization was 80 and 43%, respectively.
Black grama and Santa Rita three-awn each made up 25% of the total produc- tion that year, and their utilization was 24 and 63oj',, respectively.
Finally, Arizona cottontop and tall three-awns made up 14 and lo%, respectively, of the total perennial grass yield and both were heavily used (69%).
The average decrease in utilization of perennial grasses around waters, from 63cT, at 100 yards to 60% at 500 yards, was not signif&nt. influenced utilization more strongly Topography than did distance.
At water P3, where both 'loo-yard transects were on a 27% slope, utilization was lighter at 100 yards than at the ZOO-, 300-, or 500-yard transects which were situated on level ground (Fig. 3) . At 400 yards, one of the transects was near the top of a 38% slope, and the other on relatively level terrain. Average use during the study period was 42% on the slope and 68% on the level.
Similarly, both series of transects at water Tl lay on gentle terrain; but the transects at 100 yards and 200 yards in one series were less accessible to cattle because a narrow, steep-sided ravine separated them both from the water and from the other eight transects.
Utilization on these two transects was substantially less than would have been expected on the basis of their distance from water (Fig. 4) . These results emphasize the importance of topographic barriers to cattle movement, as pointed out by Glendening (1944) and Mueggler (1965) .
Perennial grass herbage production.-Perennial grass yields near water increased from 122 lb/acre (average 1959-6 1) to 156 lb (average 1964-66). Production was not consistently greater at 500 yards than at 100 yards, nor did average yields differ between watering places. Differences in topography and soil influenced production as well as utilization, and resulted in a strong watering placedistance interaction in perennial grass yields. The highest and lowest average yields, for example, were at 100 yards at waters P3 and Pl, respectively (Table 2) . At P3, the loo-yard transects lay on a moderately steep, rocky slope, while those at Pl were on flat, soft ground where cattle often loafed for several hours between the time they first came to water in the morning and the time they finally left to graze. Most of the obvious inconsistencies in Table 2 are related to such differences in topography or soil. Utilization.-Average utilization near water P 1 for the 7-year study period was not significantly lighter in the pasture with water open part-time than across the fence where the water was open yearlong (Table 3) . However, average utilization near the yearlong water was 1.9 times as great as away from water in the same pasture. Use around the part-time water was only 1.3 times as great as use away from water. Utilization was lighter on the part-time side of the fence in 1960, 1962, and 1966 . These were years when the part-time water was not open in summer, and average utilization on the study range was 44% or less. Thus, closing water for part of the year resulted in lighter use near water only if the closed period included the summer growing season, and if subsequent utilization was moderate to light for the whole range.
Perennial grass cover and yield.-Perennial grass cover during the S-year study period was almost three times as great near the part-time water as near yearlong water (Table  4) . Intercept was higher at the part-time water than at yearlong water at the intermediate distances, but differences were small at 100 and 500 yards. The lack of a difference at 100 yards is due to excessive use under both plans of management.
Average perennial grass production near water Pl was nearly twice as great where the water was open part-time as where the water was open yearlong (Table 4) . Herbage production increased generally with distance from water but, as with cover, the effect of distance was inconsistent.
Summary and Conclusions
This study was set up to determine whether controlling access to water within a single range unit would lighten utilization and increase herbage production near water. Only one water was open at a time, and the open water was changed about every 3 months. Each water was closed during the summer growing season 2 years out of 3. Cattle soon adjusted to the system. Cattle had to be driven away from the closed water only in the first fall-winter period. Within a year, the cattle had learned to move to and use range where the water was open.
Utilization averaged 9% higher within 500 yards of water than at locations l/z mile or more from water. In general, utilization was high following years of low herbage production, and low following high production.
to prevent cattle from grazing near those that were closed if forage was scarce.
Therefore, seasonal opening and closing of water failed to show strong benefits to perennial grass stands near water, partly because the pasture was too small. Perennial grass production within 500 yards of water was higher in 1966 than in 1959. Yields near water were about half as great as on transects l/z mile or more from water.
Slopes of 25 to 40% and partial barriers to cattle movements markedly reduced utilization.
Average utilization between 100 and 500 yards from water for the five rotated waters was not significantly related to distance.
Average perennial grass production was higher near part-time water than near yearlong water, even though average differences in utilization were small. Utilization near part-time water was lower than around yearlong water only if the part-time water was closed during the summer growing season and if average use in the pasture with part-time water was moderate to light.
The results of this study show that utilization of perennial grasses near water can be reduced and herbage production increased by periodically closing the water in summer. Little may be gained, however, by closing waters that are close together, as in a small pasture, and closing water will not help if the entire range is closely grazed. The method should work best in large range units where cross-fencing is not feasible and watering places are far apart.
